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REVIEW FROM LECTURES 1-5
ÅGenetics of Autism

ÅCYP2D6 and codeine

ÅMAOA ςthe criminal gene

ÅGluten Intolerance

ÅBPA and Cancer

ÅDetoxification (Phase 1, 2)

ÅDetox ςcancer

ÅCYP2A6 and lung cancer

ÅEstrogen Metabolism

ÅDepression and Serotonin Genetics

ÅDopamine Genetics and ADHD

ÅCYP2C9-Warfarin-Vitamin K

ÅALDH2 genetics and alcohol flush

ÅType 1 diabetes genetics

ÅType 2 diabetes genetics

ÅCYP3A4 and Graperfruitjuice (implications)

ÅCOMT and Dopamine

ÅNAT, Red Meat and Cancer Risk



SESSIONS 1 -8
Session Topic Evaluations

1 INTRODUCTION TO MOLECULAR GENETICS, 

MOLECULAR BIOLOGY AND HUMAN 

GENETICS

Discussion ςParticipation

2 NUTRITIONAL AND DIETARY GENETICS: HOW 

DO OUR GENES REGULATE OUR NUTRITION 

AND NUTRITIONAL HEALTH?

Discussion - Participation

3. FITNESS GENETICS AND GENETICS OF 

CHRONIC DISEASES: HOW DO OUR GENES 

REGULATE OUR RESPONSE TO EXERCISE AND 

HOW DO GENES REGULATE THE RISK OF 

CHRONIC METABOLIC DISORDERS?

Discussion - Participation

4. DETOXIFICATION GENETICS: HOW DO OUR 

GENES REGULATE DETOXIFICATION WHICH 

INDIRECTLY IMPACTS OVERALL HEALTH AND 

DISEASE RISK?

Discussion - Participation

5. NEUROGENETICS: HOW DO OUR GENES 

REGULATE THE SYNTHESIS AND 

BREAKDOWN OF NEUROTRANSMITTERS 

AND ITS IMPACT ON OUR HEALTH ?

Take home exam on sections 1-5, due during session 6

6. GENETICS OF ENDOCANNABINOID 

PATHWAYS: HOW DO OUR GENES REGULATE 

THE RESPONSE TO CANNABIS?

Discussion - Participation

7. SKIN GENETICS: HOW DO OUR GENES 

REGULATE OUR SKIN HEALTH ? Take home assignment ςdue during session 8
8. DISCUSSION AND PRACTICAL APPLICATIONS 

OF GENETIC TESTS DISCUSSED IN SESSIONS 

2-7

Discussion - Participation



SESSION OBJECTIVES:

ω Cannabis pharmacology 

ω Cannabinoids and cannabinoid receptors

Å Endocannabinoid system

ω Genetics of cannabis addiction

Å Genetics of cannabis induced cognitive effects

Å Genetics of eating disorders and cardiovascular complications in relation to    
cannabis

Å Endocannabinoid deficiency 



TERMINOLOGY



Background to Cannabis

Produced from the weedlike plant:

Cannabis Sativa (Hemp)

Many uses:

- Rope, cloth, paper

- Seeds used for oil, birdfeed

Psychoactive agent =æ9 Tetrahydocannabinol (THC)

Found in all parts of the plant, but concentrated in the sticky resin 

secreted the flowing tops of ǀplants.



Marijuana

- Dried and crumbled leaves, small stems, 

flowing tops of the plant

- Usually smoked in joints, pipes, bongs, 

other contraptions

- THC content variesé

sinsemilla: pollination prevented ïlarge flowers (ŷ potency)

Introduction

Background to Cannabis

Obtainable in a variety of forms:



Introduction

Background to Cannabis

Obtainable in a variety of forms:

Hashish (ñSolidò)

- Prepared from resin

- Potency varies with concentration

- higher THC than flower

- Hash oil ïreduced  alcoholic extract

- Single drop placed in a joint. 



CANNABIS STRAINS



CANNABIS HISTORY

Fibre evidence suggests use of hemp at least 8000 B.C

Shen Nung ïfather of Chinese medicine.

Hashish use commonplace in Arab world 1000 A.D.

Introduced into west by Napoleonôs soldiersfrom Egypt

Jacques-Joseph Mareau: Physician founded the ñclub of the hashish eatersò in Paris

Notable eaters: Victor Hugo, Alexendre Dumas



CANNABIS HISTORY



MEDICAL CANNABIS HISTORY



CANNABIS USE IN CANADA



WHAT DOES CANNABIS 
CONTAIN?

14



CANNABINOIDS AND TERPENOIDS



Cannabis components
Å1269 known chemical compounds in/on Cannabis

ÅCannabinoids (144 known in Cannabis)
ÅTHC, CBD, CBN, CBG, CBC, THCV, etc.

ÅTHCA, CBDA, CBGA, CBCA, etc.

ÅDiverse array of therapeutic effects

ÅTerpenes & Terpenoids (150 known in Cannabis)
ÅLimonene, Linolool, Pinene, Myrcene, b-Carophyllene

ÅSmell attributes and diverse therapeutic effects 

ÅFlavonoids (50 known in Cannabis)
ÅApigenin, Cannflavin-A, Kaempferol, Vitexin, Orientin 

ÅVery strong anti-oxidants ςdiverse therapeutic effects 



Terpenes 

Linalool: Floral smelling, is believed to provide some anti-cancer 

effects and is known to cause severe sedation.

Limonene: Has a citrus scent and may possess anti-cancer, 

anti-bacterial, anti-fungal and anti-depression abilities.

Pinenes: Pine odor, bronchodilator that opens the lungs to more 

THC absorption.  It also increases focus, self-satisfaction, and 

energy.

b-Caryophyllene: Sweet, woody, clove taste responsible for 

anti-inflammatory and neuroprotective effects through CB2

receptor activation.



CANNABIS PHARMACOLOGY 

ÅIn combination, THC and CBD probably 
ŀŎŎƻǳƴǘ ŦƻǊ Ƴƻǎǘ ƻŦ ŎŀƴƴŀōƛǎΩ ƪƴƻǿƴ 
effects.

ÅThey have very different physiological and 
pharmacological properties.

ÅBoth suppress seizures, perhaps by different 
mechanisms. 

18



CANNABIS PHARMACOLOGY -

ABSORPTION
Typical Joint contains approximately  0.5 ï1g of cannabis

- If THC content = 4%... joint with 1g of cannabis contains 40 mg of THC

Burning marijuana results in vaporisation of THCŸ absorption into the lungs 

Only about 20% of original THC is absorbed:

Breathing isnôt optimal ïcan be increased by breath holding

Black et al. (1998)

Increased high with 15 s breath hold vs. 7 s

THC readily absorbed through the lungs into blood

Plasma

After peak levels reached, concentration falls

through metabolism in liver and fat storage

Half life of about 20- 30 hours



HOW DOES CANNABIS ACT?

Mechanism of action

Devane et al. (1988) identification of the cannabinoid receptor

Cannabis receptors active in areas 

consistent with behavioural effects

Hippocampus - spatial memory and 

navigation

Substantia nigra ïeye movement, 

reward seeking, learning and 

addiction

Globus pallidus ïVoluntary 

movement

Cannabis receptor =  CB1

Agonist = THC

Antagonist = SR 141716 - Rimonobant



CANNABIS AND ITS EFFECTS

- The ñbuzzò: Brief

Perception of light-headedness, dizziness

Tingling sensations in the extremities

- The ñhighò

Feelings of euphoria, exhilaration

Disinhibition (the ñgigglesò)

- Being ñstonedò: reached with a sufficiently large amount of marijuana

Feelings of being calm, relaxed & dreamlike

Sensations of floating, enhanced visual and auditory perception

Slowing of the perception of time

Changes in sociability (increases or decreases)

Psychopathology:

Paranoia, anxiety, panic

More likely in 1st time users, or

After highdosesé



CANNABIS AND PHYSIOLOGICAL 

EFFECTS

Physiological effects

Increased blood flow to skin: Sensation of warmth

Increase in heart rate: Sensation of a pounding pulse

The ñmunchiesò: Increase in hunger

Demonstrated in humans (Foltin et al., 1988) & rats (Williams et al., 1998)

Palatability increases in rats following ȹ9THC administration

(Williams & Kirkham 2002)

Hyperphagia (ŷappetite and consumption) induced by ȹ9THC

Effect abolished by CB1 antagonist (Williams & Kirkham, 2002)



EFFECTS OF ANTAGONISTS ON 

CANNABIS

Huestis et al. (2001)

Effects of Marijuana attenuated

by treatment of CB1 antagonist

Joint = 2.64% THC

Responses recorded over next hour in 

SR141716 group and placebo 

control

Effects not abolished howeveré

(1) Need a stronger dose of CB1 antagonist, or

(2)Another mechanism (in addition CB1 receptors) mediates effectsé

Antagonist effects



CANNABIS ïROUTE OF 

ADMINISTRATION

Agurell et al (1986)

Route of administration has a substantial effect:

Blood plasma levels of THC following smoking a

joint vs. Oral consumption

Smokers do not report a peak until after the joint

has been finishedé

(1) Brain and plasma concentrations not at 

equilibrium.

(2) THC not yet fully metabolised.

Administration effects



CANNABIS AND COGNITION

Cognitive and Motor Deficits

Curran et al (2002)- Memory

Effects of oral THC administration on

verbal memory.

Effect attenuated in long term users:

Cognitive tolerance in heavy users 

(Hart et al., 2001)

Driving

Low doses have relatively few effects (especially in heavy users)

If task demands are high, moderate or high doses Ÿ Impaired performance

Ramaekers et al. (2004) A risk factor in car accidents



CANNABIS AND ENDOCANNABINOID 

SYSTEM

Animal studies

Given the presence of natural (endo) cannabinoids ï

Is there a normal regulatory function of the system? 

Effects of CB1 antagonist SR 141716

Richardson et al (1988) ïSR 141716 induces hyperalgesia (ŷpain sensitivity)

endocanabinoinds Ź responsiveness to pain

Black (2004) SR 141716 administration Ź food consumptionin rats and humans 

endocanabinoids ïrole in the control in appetite and hunger



CANNABIS AND REWARDING

Rewarding effects of cannabinoids

Varvel & Lichtman (2002)

Monkeys first trained to lever 

press for IV cocaine. Then 

extinguished

Then lever pressŸ IV THC

Dose equivalent to single joint

Effect abolished with

CB1 antagonist

Valjent & Maldonado (2000) ïConditioned place preference with THC in mice

- Only works if mice pre-exposed to THC in home cages

- First experience = aversiveé.then rewarding.



CANNABIS RECEPTORS

Animal studies

Effects of CB1 knockouts ïmutant mice

Varvel & Lichtman (2002)

CB1 knockout mice show normal

acquisition of spatial learning

- Escape latency ïtime to find a 

platform in a pool of water

- Impaired reversal learning

- A deficit in unlearning or forgetting?

Marsicano et al (2002)

CB1 knockout show normal fear conditioning

Impaired extinction: A deficit in unlearning/ new learning



THC ςStructure - Delta 9 
Tetrahydrocannabinol

29



THC ςActions

ÅTHC has a wide number of pharmacological actions, 
some of which have been known since antiquity.

ÅAnxiolytic / Sedative (CB1)

ÅAnalgesic (CB1)

ÅAnticonvulsant (CB1)

ÅAppetite Stimulant (CB1)

ÅAnti-emetic (CB1)

ÅAnti-inflammatory / Immune Suppressant (CB2)

30



THC Receptors

Åaƻǎǘ ƻŦ ¢I/Ωǎ ŀŎǘƛƻƴǎ ŀǊŜ ƳŜŘƛŀǘŜŘ ǘƘǊƻǳƎƘ 
two main receptors.

ÅCB1ςmostly found on neurons (CNS and PNS) ςg linked

Å(small amounts: kidney, liver, lungs)

ÅCB2ςfound in the immune system and microglia ςg linked

31



CANNABINOID RECEPTORS



CB1 RECEPTORS IN THE 
BRAIN



CB1 RECEPTORS BEYOND CNS



CB2 RECEPTOR EXPRESSION
ÅPrimary ligand - 2-arachidonoylglycerol (2-AG)

ÅVery low expression in brain ςsome expression in microglia

ÅExpressed in gastrointestinal system ςrole in pathophysiology of 
Inflammatory bowel disease?



THC Receptors

ÅThese g-linked receptors are part of the endogenous endocannabinoid 
system.

ÅTo explain how THC works, it will be useful to discuss the 
endocannabinoid system.

ÅThe endocannabinoid systems consists of endogenous cannabinoids 
and their receptors. 36



ENDOCANNABINOID SYSTEM

ÅBiological system composed of endocannabinoids, 
which are endogenous lipid-based retrograde 
neurotransmitters that bind to cannabinoid 
receptors, and cannabinoid receptor proteins that 
are expressed throughout CNS and PNS

ÅRegulating a variety of physiological and cognitive 
processes including fertility, pregnancy, during pre-
and postnatal development, appetite, pain-
sensation, mood, and memory, and in mediating 
the pharmacological effects of cannabis



Endocannabinoid System ς
Endogenous Messengers

ÅThe are two major endogenous messengers that 
bind to the cannabinoid receptors:

Å2 AG(2-arachidonoylglycerol)

Åanandamide(arachidonoylethanolamineor AEA)                                

38



2-AG

Å2-Arachidonoylglycerol (2-AG) is an endocannabinoid, 
an endogenous agonist of the CB1 receptor and the 
primary endogenous ligand for the CB2 receptor
ÅIt is present at relatively high levels in the central 

nervous system, with cannabinoid neuromodulatory
effects. 
ÅIt is important in modulating anxiety and depressive 

behaviours and in addiction.
ÅBy providing the main pool of arachidonic acid for the 

generation of inflammatory eicosanoids, it plays a key if 
indirect role in the regulation of in numerous neuro-
inflammatory processes in the brain. 
ÅImmune system regulation ςregulates inflammation



2-AG Synthesis and Degradation
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Endocannabinoid Synthesis

Å2 AG(2 arachidonoylglycerol)

ÅSynthesis (one pathway)(calcium dependent)
ÅPhospholipids > diacylglycerol > 2 AG

ÅEnzyme: (first step) PLC; (last step) DAG lipase

ÅDegradation(levels not kept low)
Å2 AG  > arachidonic acid and glycerol

Enzymes: MAGL (monoacylglycerollipase), FAAH (fatty acid amide 
hydrolase) and others

41



ANANDAMIDE

ÅHigh affinity ςpartial CB1 agonist

ÅAnti-inflammatory properties and anti-cancer ?

ÅIt affects the cardiovascular system by inducing 
profound decreases in blood pressure and heart rate. 

ÅIn addition, it is an anabolic regulator of metabolism in 
that it increases the intake of food, promotes the 
storage of lipid, and decreases the expenditure of 
energy

ÅIt is also involved in the regulation of body 
temperature, locomotion, feeding and anxiety. 

ÅInflammatory bowel disease ςreduce anandamide ?



Anandamide Synthesis and 
Degradation

43

ÅSynthesis from 
phospholipids

ÅBroken down by 
FAAH

ÅFatty acid amide 
hydrolase

ÅArachidonic acid 
from phospholipids 
-> Anandamide



Endocannabinoid Synthesis

ÅAnandamide(arachidonoyletholamine; AEA)

ÅSynthesis
ÅArachidonic acid (from phospholipids) + phosphatidyletholamine> 

N anachidonylphosphatyletholomine(NAPE)>anandamide

ÅEnzymes: (first step) N acetyltransferase; (last step): PLA2, PLC, NAPE-PLD

ÅDegradation(very rapid ςlevels kept low)
ÅAnandamide > arachidonic acid + ethanolamine

Enzyme: FAAH (fatty acid amide hydrolase)

44



Endocannabinoid System ς
Endogenous Messengers

ÅAnandamide and 2 AG are eicosanoids.

ÅEicosanoids are signaling molecules ς

ÅEicosanoids function in diverse physiological systems and 
pathological processes such as: 

Åmounting or inhibiting inflammation, allergy, fever and other 
immune responses; regulating the abortion of pregnancy and 
normal childbirth; contributing to the perception of pain; 
regulating cell growth; controlling blood pressure; and 
modulating the regional flow of blood to tissues.

ÅThey are formedby the action of phospholipases on plasma 
membrane phospholipids. 

ÅThey are broken downby FAAH and MGL. Blockade of FAAH 
extends their half-lives.

45



Endocannabinoid System ς
Endogenous Messengers

ÅBoth bind to CB1 and CB2 receptors.  

ÅCB1ς2 AG is a full agonist - anandamide is a partial 
agonist

ÅCB2ς2 AG binds with a higher affinity than anandamide

ÅAnandamide was discovered first, but 2 AG is 
perhaps the more powerful ligand.

46



Endocannabinoid System -
Function

Åн !D ŀƴŘ ŀƴŀƴŘŀƳƛŘŜ ŀǊŜ άǊŜǘǊƻƎǊŀŘŜ ƛƴƘƛōƛǘƻǊǎέΦ

ÅThey are released post-synapticallyfollowing receptor activation.

ÅThey then diffuse backwards to the presynaptic cell where they inhibit 
transmitter (CB1) or cytokine (CB2) release.  

ÅThey act by closing Ca++ channels and opening K+ channels via Gi/o.
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Endocannabinoid System
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Endocannabinoid System
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Endocannabinoid System
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Endocannabinoid System
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Endocannabinoid System -
Function

ÅIn the brain, endocannabinoid feedback reduces 
transmitter release in many different  systems.

ÅThese include: GABA, glutamate, DA, NE, 5HT, glycine, 
etc.

ÅIn the previous example diagrams, post-synaptic Ca++ 
results from mGLUR(metabotropic glutamate 
receptors) activation.  In other systems, other 
mechanisms would provide the Ca++.
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ÅIn the brain, CB1 receptors are located in many 
different areas and affect many different transmitters.

Å¢ƘŜȅ ŀǊŜ ǇŜǊƘŀǇǎ ƴƻǘ ŀ άǎȅǎǘŜƳέΣ ōǳǘ ǊŀǘƘŜǊ ŀ ǎŜǊƛŜǎ ƻŦ 
local feedback mechanisms. 

ÅTHC and congeners (substances that contribute to 
hangovers), however, activate these receptors all at 
once.

53

Endocannabinoid System -
Function



ENDOCANNABINOID SYSTEM



THC Pharmacology

THC Stimulates CB1 and CB2 Receptors

Actions in the brain involve CB1 

55



Actions at the Nerve Terminal
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ÅAgonistsfor the CB1/THC Receptor

ÅPlant derivedςTHC - partial agonist

ÅSyntheticς

Ådronabinol (Marinol) ςsynthetic THC for sleep apnea, 
anti-emetic, chemo induced nausea ςpartial agonist

Ånabilone (Cesamet) ςsynthetic cannabinoid used to 
treat chemo induced nausea - partial agonists

ÅWIN 55, 212-2  - full agonist ςsynthetic cannabinoid ς
unique structure ςpotent analgesic in mouse model of 
neuropathic pain

57

THC/CB1 Drugs



THC/CB1 Dugs

ÅAntagonistsfor the CB1 Receptor

ÅCannabidiol (CBD) ςdescribed as a specific or non-specific 
antagonist 

ÅInverse Agonistsfor the CB1 Receptor

ÅInverse agonist induce a pharmacological response opposite 
to antagonist (suppression beyond neutral stage)
ÅRimonabant ςinitially approved as an anti-obesity drug but 

withdrawn due to serious psychiatric issues ςsevere 
depression and suicide

58



THC ςSuggested Sites of Action

ÅTHC partially activates the CB1 Receptors all over the 
brain.

ÅIt would increase excitation/inhibition in many areas.

ÅSome Possible Sites of Action
ÅHippocampus ςmemory impairment
ÅNucleus Accumbensςreward (increased DA release)
ÅHypothalamus ςstimulation of appetite
ÅPain System - analgesia

59



THC ςMechanism of Action ς
Immune Suppression

ÅTHC also activates CB2 receptors.

ÅCB2 receptors also provide negative feedback in the 
immunological system.

ÅThey inhibit the release of cytokines.

Å¢Ƙƛǎ ƛǎ ǘƘŜ ōŀǎƛǎ ƻŦ ¢I/Ωǎ ŀƴǘƛ-inflammatory/ immune 
suppressive effects.
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THC/CB1 Drugs ςCurrent Use

ÅCurrent Medical Uses:

ÅAgonists(cannabis, dronabinol, nabilone)

ÅAnti-emetic (chemotherapy)

ÅAppetite Stimulant (AIDs)

ÅAnalgesic (neuropathic pain, multiple sclerosis)

ÅInverse Agonist(rimonabant)

ÅWeight loss , Smoking Reduction, Addiction

61



THC - Anti-Seizure Effects-
Animal Studies

ÅTHC has anti-seizure effects in most animal models ς
and also pro-convulsant (seizures) effects in some 
models. These are produced via the CB1 receptor.

ÅTHC also has sedative/ataxic(psychotoxic) effects ς
also via the CB1.

Å¢I/Ωǎ psychotoxiceffects limit its usefulness as an 
AED. CBD looks much more promising as an AED.
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THC/CB1 Drugs ςPossible Use
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CBD Structure - Cannabidiol
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CBD ςPharmacological Actions

ÅWell Documented:

ÅAnti-seizure effects

ÅSuggested:

ÅAnalgesic (acute and chronic pain)
ÅAntipsychotic
ÅAnxiolytic
ÅAnti-cancer
ÅAnti-inflammatory

65



CBD Physiology

ÅCBD does act via the endocannabinoid system as 
usually defined.

ÅIt does not activate CB1 or CB2 receptors - or mimic 
2AG, anandamide or any known endocannabinoid.  

ÅIt may interact with the endocannabinoid system 
indirectly, e.g. antagonizes CBD1 receptors and inhibits 
FAAH (?).

ÅWhat receptors does it bind to?
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CBD ςReceptors?

ÅA very confused field.  It has been reported to act on:

Å5 HT 1Aςpartial agonist  (anxiolytic? antidepressant?)

ÅAdenosine receptorsςagonist (anxiolytic?) 

ÅTRPV1- weak agonist, desensitizes (analgesia?)

ÅMu and delta opiate receptorsςallosteric modulator 
(analgesic?)

ÅPPARςagonist (anticancer?)

ÅGPR55ςantagonist (effect?)

ÅETC, ETC

67



CBD  Endogenous Ligand?

Å9ŦŦŜŎǘǎ ƻŦ /.5 ŀǊŜ ǎŀƛŘ ǘƻ ōŜ άǇƭŜƻǘǊƻǇƛŎέΦ  Lǘ ŀŎǘǎ 
on many different receptors.

ÅUnclear whether there is an endogenous ligand. 

ÅExcept for the chemical messengers related to its 
various receptors (5 HT, opioids, etc.)
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CBD ςDrugs?
ÅNot much pharmacology.

ÅCBD appears to be the only clear agonist in its class.  

ÅAlthough other cannabinoid extracts may have similar properties:  e.g., 
cannabidivarin. 

ÅCannabidivarin- non-psychoactive cannabinoid found in Cannabis. It is a 
homolog of cannabidiol (CBD), with the side-chain shortened by two 
methylene bridges (CH2 units). Clinical trials for seizures and epilepsy 
under way

Å¢ƘŜǊŜ ŘƻƴΩǘ ǎŜŜƳ ǘƻ ōŜ ŀƴȅ ŀƴǘŀƎƻƴƛǎǘǎΦ

ÅBut it does have anti-seizure effects in animals. 69



/.5Ωǎ !ƴǘƛ-Seizure Effects ς
Animal Studies

ÅNIH has recently tested CBD in the standard mouse 
seizure models.

ÅIt is active in the MES (electroshock), MET (Metrazol, 
drug induced) and 6Hz ECS (current to cornea) models.

ÅLǘ ƛǎ ŀŎǘƛǾŜ ŀǘ ŘƻǎŜǎ ǘƘŀǘ ŘƻƴΩǘ ŎŀǳǎŜ ǎŜŘŀǘƛƻƴκŀǘŀȄƛŀΦ

ÅAlthough sedation/ataxia does occur at higher doses.
ÅReceptor that mediates anti-seizure effects not known
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CBD as an Anti-epileptic ςHigh 
dose needed

95рлΩǎ ŦǊƻƳ ǘƘŜ bLI {ǘǳŘȅ ςBroad Spectrum

MES ς83.5 mg/kg

6 Hz ECS ς164 mg/kg

s.c.MET ς159 mg/kg

TD50 from the NIH Study (Rotarod) ςNon-toxic

> 400 mg/kg
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USES OF THC AND CBD



Other Cannabinoids

ÅCanabinolς
ÅMildly psychoactive
ÅCBN acts as a partial agonist at the CB1 receptors, but has a 

higher affinity to CB2 receptors
Åhowever, it has lower affinities relative to THC 
Åweakly anti-seizure but ataxia

ÅCannabidivarinς
ÅNon psychoactive
ÅSimilar in structure to CBD
ÅAnticonvulsant
ÅAntiepileptic
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Other Cannabinoids

ÅCannabigerolς
ÅLƴ ǾƛǘǊƻ ǎǘǳŘƛŜǎ ƛƴŘƛŎŀǘŜ ƛǘ Ƙŀǎ ƘƛƎƘ ŀŦŦƛƴƛǘȅ ŀǎ ŀ ʰн-adrenergic 

receptor agonist, moderate affinity as a 5-HT1A receptor 
antagonist, and low affinity as a CB1 receptor antagonist
ÅOther in vitro research shows it has low-affinity binding at 

CB2 receptors. 
ÅNo clinical data 
Åpreclinical data on colitis, neurodegeneration, cancer and 

feeding behaviour

ÅCannabichromineς
Åcannabichrome, cannanbichromene, pentylcannabichromene

or cannabinochromene
Åagonist of TRPA1 and less potently, an agonist of TRPV3 and 

TRPV4
ÅRole in sensing pain, cold, itch
ÅNo clinical data

74



ÅGenetic variation determines how our 
endocannabinoid pathway metabolizes THC and 
CBD and also determines the impact of cannabis on 
our physiology.

ÅUnderstanding your genetic profile and its 
implications on your unique response to medical 
cannabis will provide you and your health 
practitioner with the tools needed to make the best 
choices on cannabis use. 

Genetics and Cannabis use



ÅGenetic risk of cannabis dependence

ÅGenetic risk of cannabis dependent cognitive 
deficits

ÅGenetic risk of cardiovascular complications with 
cannabis use

ÅGenetic risk of eating disorders and cannabis use

Genetics and Cannabis use



Cannabis Dependence

DRUG
LIFETIME RISK OF 

DEPENDENCE

Nicotine 32%

Heroin 23%

Cocaine 17%

Alcohol 15%

Marijuana 9%

77

9 % underestimation ςlegalization / access / lack of heavy usage



People Seek Treatment 
Los Angeles

ÅIn 2004, 13.9%of treatment admissions were for 
cannabis

ÅIn 2014, the number increased to 27.2%

ÅCannabis constituted the largest number of 
substance use treatment admissions     (cocaine, heroin, 
methamphetamine, MDMA, and prescription stimulants, opioids, and 
sedatives)



CANNABIS DEPENDENCE

ÅUsing cannabis in larger amounts or over a longer period than was prescribed or 
intended.

ÅMaking unsuccessful efforts to cut down or control cannabis use.

ÅSpending a lot of time in activities necessary to obtain, use, or recover from cannabis 
effects.

ÅCraving cannabis or feeling an urge to use cannabis.

ÅFailing to fulfill major life obligations at work, school, or home.

ÅContinuing to use cannabis despite persistent or recurrent social or interpersonal 
problems.

ÅGiving up or reducing involvement in important social, occupational, or recreational 
activities.

ÅUsing cannabis in physically hazardous circumstances.

ÅContinuing to use cannabis despite having a persistent or recurrent physical or 
psychological problem.

ÅTolerance, as defined by a need for markedly increased amounts of cannabis or a 
markedly diminished effect with continued use of the same amount of cannabis.

ÅWithdrawal, as manifested by the characteristic withdrawal syndrome.



Reinforcing Effects

ÅCannabinoids are reinforcing for both humans and animals

ÅHumans:

o Regular users could tell the difference between placebos and 
cigarettes or pills with THC

o All subjects preferred substances with THC

ÅAnimals:

o Initial studies showed animals did not find cannabinoids 
reinforcing (this was because very high doses were given ςleading 
to aversive effects)

o Subsequent studies showed self-administration at low doses



Mechanism of Reinforcement

ÅMesolimbic DA system ςreward system
o DA neurons fire in ventral tegmental area (VTA)

o Firing increases during anticipating of reward

o Enhance DA release in nucleus accumbens

o Lesions or dopamine depletion ςreduces the extent to which 
one will go to obtain reward (lever pressing by animals)

ÅInteractions between opioid and cannabinoid systems
o Opioid receptor antagonist naltrexone reduces THC self-

administration 

o µ-opioid receptor activation mediates reinforcing effects

oə-opioid receptor activation mediates aversive effects



Dependence and Withdrawal

ÅSymptoms- irritability, increased anxiety, depressed mood, 
sleep disturbances, heightened aggressiveness, decreased 
appetite

ÅLast 1-2 weeks 

ÅAnimal test show less withdrawal immediately - cannabinoid 
receptor remain partially occupied after termination

ÅPrecipitated Withdrawal- given chronic THC, challenged with 
SR when THC terminated- showed abstinence syndrome-
shakes, hyperactivity

ÅDecreased DA firing at VTA, increase corticotropin-releasing 
factor in central nucleus of amygdala



Cannabis Withdrawal

ÅThree (or more) of the following signs and symptoms 
develop within approximately 1 week:
ÅIrritability, anger, or aggression.
ÅNervousness or anxiety.
ÅSleep difficulty (e.g., insomnia, disturbing dreams).
ÅDecreased appetite or weight loss.
ÅRestlessness.
ÅDepressed mood.

ÅAt least one of the following physical symptoms 
causing significant discomfort: abdominal pain, 
shakiness/tremors, sweating, fever, chills, or 
headache.



Cannabis Withdrawal

ÅMost symptoms have their onset within the first 
24ï72 hours of cessation, peak within the first 
week, and last approximately 1ï2 weeks. 

ÅSleep difficulties may last more than 30 days. 

ÅSupportive treatment



A systematic literature search 
28 twin studies on cannabis use initiation 
24 studies on problematic cannabis use 

genes (A)    shared environment (C)    unshared environment (E)

cannabis use initiation:
A 48%, C 25%, E 27% in males 
A 40%, C 39%, E 21% in females 

problematic cannabis use: 
A 51%, C 20%, E 29% for males 
A 59%, C 15% , E26% for females.

Cannabis use genetics



Genes are influencing:

- Temperaments (sensation seeking, harm avoidance)
- Motivational/reward system tone
- Inhibitory control mechanism(prefrontal cortex)
- Psychobiological response to emotions
- Ability to cope with stress
- Sociability and emotional stability

Direct
vulnerability
for drug use

Parent-child
attachment/
relationships



Candidate genes temperaments

Parent child insecure attachment

Early adverse experiences (neglect / abuse)

Impaired coping with stress 

Impulsiveness / low inhibitory control

Frustration

Impaired sociability and social isolation

Lack of bonding to family

Lack of school engagement

Vulnerability to peer pressure 

Pathogenesis of substance use disorders

http://acelebrationofwomen.org/wp-content/uploads/2012/08/abusepic1.jpg


GABRA2 AND CANNABIS 
ADDICTION

ÅGABA stands for gamma-aminobutyric acid

ÅGamma-aminobutyric acid (GABA) is a major inhibitory 
neurotransmitter in mammalian brain.

ÅSleep, muscle relaxation, anxiety relief, memory 
impairment

ÅGABA receptor are involved in a number of complex 
disorders, including substance abuse. 

ÅGABRA2 is an alpha subunit that is part of GABA-A 
receptors, which are ligand-gated chloride channels 
and are activated by the major inhibitory 
neurotransmitter in the mammalian brain, GABA



GABRA2 AND CANNABIS 
ADDICTION

ÅGABRA2 
activation 
leads to 
suppression 
of anxiety



GABRA2 AND CANNABIS 
ADDICTION

ÅMutations can increase the threshold needed for 
receptor activation to suppress anxiety 

Års279858(G) allele carriers ςdo not understand the 
exact change in protein function

ÅIncreases threshold of activation

ÅG allele carriers initially identified with alcoholism

ÅG allele carriers have been shown to be prone to 
cannabis induced addiction

ÅIncreased cannabis threshold for activation?



NRG1 AND CANNABIS ADDICTION
ÅEncodes for neuregulin 1

ÅEssential for development of 
nervous system

ÅInteracts with ErbB4 tyr kin

ÅCareful regulation of the amount 
of Neuregulin 1 must be 
maintained in order to preserve 
an intricate balance between 
excitatory and inhibitory 
connections within the central 
nervous system (CNS). 



NRG1 AND CANNABIS 
ADDICTION

ÅT allele of NRG1 has been associated with cannabis 
dependence both in African American and European 
American population

ÅDysregulation between excitatory and inhibitory 
neurotransmission?



ABCB1 AND CANNABIS 
ADDICTION

ÅThe membrane-associated protein encoded by this 
gene is a member of the superfamily of ATP-binding 
cassette (ABC) transporters. 
ÅABC proteins transport various molecules across extra-

and intra-cellular membranes. 
ÅThe protein encoded by this gene is an ATP-dependent 

drug efflux pump for xenobiotic compounds with broad 
substrate specificity. 
ÅIt is responsible for decreased drug accumulation in 

multidrug-resistant cells and often mediates the 
development of resistance to anticancer drugs. 
ÅThis protein also functions as a transporter in the 

blood-brain barrier. Mutations in this gene are 
associated with colchicine (gout drug) resistance and 
Inflammatory bowel disease 



ABCB1 AND CANNABIS 
ADDICTION

ÅVariation in ABCB1 has been previously associated 
with a number of psychiatric phenotypes, including 
opioid and cannabis dependence, as well as with 
treatment outcomes for depression and addiction.

ÅMany antipsychotic and anticonvulsant drugs are 
substrates of ABCB1, which strongly limits the brain 
accumulation of these agents by extruding the 
drugs from the brain parenchyma back into the 
blood



ABCB1 AND CANNABIS 
ADDICTION

ÅTHC is a substrate of ABCB1

ÅABCB1-/ - mice have greater THC levels in brain and 
more prone to effects of THC



ABCB1 AND CANNABIS 
ADDICTION

ÅRs1045642 C vs T allele

ÅC allele carriers ςrapid activity ςrapid elimination 
of THC

ÅT allele carriers ςslower activity ςslower 
elimination of THC 

ÅC allele carriers ςrisk of addiction due to rapid 
elimination, stronger withdrawal symptoms

ÅT allele carriers ςreduced addiction risk, reduced 
withdrawal symptoms



FAAH AND CANNABIS ADDICTION
ÅFAAH encodes for Fatty acid amide hydrolase, an 

enzyme that inactivates anandamide, which is an 
endogenous agonist for CB(1) receptors (to which 
Delta(9)-tetrahydrocannabinol binds). 



FAAH AND CANNABIS ADDICTION
ÅC allele carriers show greater withdrawal symptoms 

with cannabis use and also show increased happiness

ÅC allele associated with cannabis addiction



SLC35G1 AND CANNABIS 
ADDICTION

ÅSolute carrier family 35 member G1
ÅThis gene encodes a transmembrane protein which is a 

member of the drug/metabolite transporter protein 
superfamily. 
ÅThe encoded protein may play a role in the regulation 

of calcium levels inside the cell. 
ÅBinds stromal interaction molecule 1, a calcium sensor 

that communicates the calcium load within the 
endoplasmic reticulum to store-operated channels in 
the plasma membrane
ÅSLC35G1ςstromal interaction molecule 1 complex likely 

regulates the activity of the transporters that 
coordinate cytosolic calcium through modulation of 
pump activities.



SLC35G1 AND CANNABIS 
ADDICTION

ÅRs14091982 associated with cannabis dependence

ÅRole of ion homeostasis and cannabis dependence



RP11-206M11.7 AND 
CANNABIS ADDICTION

ÅLittle is known about RP11-206M11.7

ÅIt encodes for an antisense transcript 

ÅNot known what it does or , if any, genes it 
regulates

ÅA specific variant of the transcript c.149013935 
A>G has shown a strong association with Cannabis 
dependence



RP11-206M11.7 AND 
CANNABIS ADDICTION

ÅRs143244591  (G ) variant ςcannabis addiction



CSMD1 AND CANNABIS 
ADDICTION

ÅCSMD1 CUB and Sushi multiple domains 1 is a 
protein that in humans is encoded by the CSMD1 
gene.

ÅFunctions as a complement control protein

ÅRegulates complement activation and inflammation 
in developing central nervous system

ÅComplement activation seems to play a role in 
synaptic plasticity

ÅComplement pathways has also been shown to be 
important for cortex development



CSMD1 AND CANNABIS 
ADDICTION

ÅRs77378271 associated with cannabis dependence (A allele)

ÅRole in neuronal plasticity ? Mechanism not understood



CNR1 AND CANNABIS ADDICTION
ÅCB1 plays a role in cannabis addiction

ÅRimonabant ςCB1 receptor blocker 

ÅCB1 blockade helps in treatment of cannabis addiction

ÅCB1 variants 
associated with 
cannabis 
addiction



CNR1 AND CANNABIS ADDICTION

ÅCNR1 rs2023239 ςT/C genotype show greater 
withdrawal score and craving score in response to 
cannabis



CNR1 AND CANNABIS ADDICTION

ÅSeveral studies support the 
association between A variant 
(rs806380) with cannabis 
dependence



WHAT TO DO IF AT RISK?

ÅAvoidance of cannabis

ÅIf needed, occasional use ς1x 2 weeks or less

ÅAvoidance of THC

ÅStrains with low THC: high CBD

ÅPure CBD extract if needed



IMPACT OF CANNABIS ON 
COGNITION

ÅCannabis use is associated with an increased 
subsequent risk of both psychotic symptoms and 
schizophrenia-like psychoses. 

ÅMarijuana-associated impairments in frontal 
function, most notably during tasks that require 
executive control, inhibition, and decision making. 

ÅEarlier age at marijuana onset is related to 
impairment on measures of visual scanning, verbal 
IQ, and executive function.



Cognitive and Psychomotor 
Effects

ÅCognition
o Marijuana use leads to deficits in thought processes and 

verbal behaviors
ÅIllogical or disordered thinking, fragmented speech, and 

difficulty remaining focused on a single topic 

Å5ƻŜǎ ƴƻǘ ƛƳǇŀƛǊ ǊŜŎŀƭƭ ƻŦ ǎƛƳǇƭŜΣ άǊŜŀƭ-ǿƻǊƭŘέ ƛƴŦƻǊƳŀǘƛƻƴ

ÅPsychomotor performance
o Low doses produce few aversive effects

o Moderate to high doses results in impaired functioning

o Marijuana use combined with alcohol, even at low doses, reduces 
functioning

ÅRisk factor in car accidents



BRAIN ACTIVITY AND CANNABIS



CANNABIS IMPACT ON BRAIN



Physiological and 
Neurological Effects

ÅEducational performance poorer, poor grades, negative 
attitude about school

ÅHigher dropout rates if began earlier in life

ÅAmotivationalsyndrome: In chronic users- evidence of 
apathy, aimlessness, loss of achievement, motivation, lack 
of long range planning, decreased productivity (could be 
cause of personality along with consequence of marijuana)

ÅDoes marijuana cause bad characteristics or do bad 
characteristics cause marijuana use?

o Cannabis use may lead to persistent cognitive deficits
o Some evidence linking cognitive deficits to school 

performance



Source: Meier et al. Proceedings of the National Academy of Sciences. 2012. Available at: 
www.pnas.org/cgi/doi/10.1073/pnas.1206820109

Marijuana Use and Change in IQ



The Dunedin Study (New Zealand)
(N=1,037)

1                      2 3 4 5

Assessment ages

13 yrs
(Pre-initiation)

18 yrs 21 yrs 32 yrs 38 yrs

Source: Meier et al. PNAS, 2012



Average IQ at Ages 13 to 38 
by Marijuana Use

99.8 99.7
100.6

93.6

13 yrs old 38 yrs old

Never used marijuana Used marijuana 3+ years



Source: Lynskey et al. Addiction, 2003. 

Marijuana Use and 
School Drop-out



Increased Odds of Dropping Out of HS by 
Age of Starting Weekly MJ Use

1x

2x

6x

1 2 3 4 5 6

Grade 10

Grade 11

Grade 12



Cannabis impacts white matter
ÅCorpus callosum ςbundle of fibers connecting left 

and right brain hemisphere to work in coordinated 
way

ÅThe circled area on the 
scan of the daily user 
(right) shows thinner 
corpus callosum fibers 
than the scan of the 
non-user (left), 
indicating that there are 
white matter integrity 
issues for the daily user.
ÅPoor communication 

between the two 
hemispheres ςcognition 
deficits



Similar altered white matter structure 
found in the brains of people dx with 

schizophrenia and teen marijuana users

White matter changes 
similar to Schizophrenia

White matter 
alterations in fibers 
linking prefrontal 
region of the two 
brain hemispheres



STUDIES Cognitive Brain Structure

Meier et al., 2012 ®IQ
Pope et al., 2003 ®IQ

Ehrenreich et al., 
1999

®attention

Huestegge et al., 
2002

®visual search

Fontes et al., 2011 ®executive 
functioning

Solowij et al., 2012®executive 
functioning

Churchwell et al., 
2010

®prefrontal cortex 
volume

Gruber et al., 2011 ¬impulsivity ®white matter integrity 
in prefrontal cortex

Lopez-Larson et al., 
2011

®prefrontal cortex 
thickness

Wilson et al., 2000 ®total gray matter,

IMPACT OF CANNABIS ON THE BRAIN



IMPACT OF CANNABIS ON THE BRAIN



GENETICS AND CANNABIS 
INDUCED COGNITIVE EFFECTS

ÅCannabis use associated with increased risk of 
cognitive deficits, psychosis and reduction in 
prefrontal activity

ÅGenetics plays a role in neuronal development, 
synaptic plasticity and brain function

ÅPolymorphisms in genes associated with neuronal 
development and homeostasis associated with risk 
of cannabis induced cognitive deficits



MAPK14 AND CANNABIS -
COGNITION

ÅMitogen-activated protein kinase 14, also called 
p38-ʰΣ ƛǎ ŀƴ ŜƴȊȅƳŜ ǘƘŀǘ ƛƴ ƘǳƳŀƴǎ ƛǎ ŜƴŎƻŘŜŘ ōȅ 
the MAPK14 gene

Åоуʰ a!tY ƛǎ Ƴŀƛƴƭȅ ŀŎǘƛǾŀǘŜŘ ǘƘǊƻǳƎƘ a!tY ƪƛƴŀǎŜ 
kinasecascades and exerts its biological function 
via downstream substrate phosphorylation.

ÅǇоуʰ a!tY ƛǎ ƛƳǇƭƛŎŀǘŜŘ ƛƴ ŘƛǾŜǊǎŜ ŎŜƭƭǳƭŀǊ 
function, from gene expression to programmed cell 
death through a network of signaling molecules 
and transcription factors. 



MAPK14 AND CANNABIS -
COGNITION

ÅAstrocytes are the most numerous cell type within 
the central nervous system (CNS) and perform a 
variety of tasks, from axon guidance and synaptic 
support, to the control of the blood brain barrier 
and blood flow.

ÅPlays a role in regulating astrocyte function

ÅCrucial for induction of inflammatory response ς
production of inflammatory cytokines and 
chemokines by astrocytes

ÅRole in neuronal system



MAPK14 AND CANNABIS -
COGNITION

ÅMAPK14 associated with 
lower white- matter brain 
volumes with cannabis use

ÅWhite matter refers to areas 
of the central nervous 
system (CNS) that are mainly 
made up of myelinated 
axons, also called tracts

ÅWhite matter affects 
learning and brain functions, 
modulating the distribution 
of action potentials, acting 
as a relay and coordinating 
communication between 
different brain regions.



CYP2C9 AND CANNABIS -
COGNITION

ÅCYP2C9 ςmember of cytochrome p450 
detoxification enzymes

ÅRole in drug metabolism

ÅImportant role in breakdown of THC



CYP2C9 AND CANNABIS -
COGNITION

ÅCYP2C9*1. rs1057910(A) isoleucine at 359

ÅCYP2C9*3 encodes a leucine at this same position

ÅCYP2C9*3 ςreduced activity (C allele)

ÅCYP2C9*3 allele ς
increased levels of 
THC



CYP2C9 AND CANNABIS -
COGNITION

ÅAllele frequency of *3 - 3.3 ς16.2% 

ÅGreater pharmacodynamic effect

ÅIncreased drowsiness

ÅLonger THC 
dependent 
effects



Marijuana Induced Psychosis: 
Short term

ÅCharacterized by:
ÅMild memory impairments

ÅDistorted sense of the passage of time

ÅDream like euphoria

ÅLose contact with reality 

ÅLose sense of control 

ÅDepersonalization



Long term Effects of Cannabis

ÅMild Impairment in Consciousness
ÅChronic Psychosis after abstinence

ÅA higher risk for Schizophrenia

ÅAmotivationalSyndrome
ÅAnhedonia (inability to fell pleasure)

ÅApathy (lack of interest)

ÅMemory Loss

ÅParanoid Ideation



Genetics and THC induced 
psychosis



DRD2 CANNABIS AND PSYCHOSIS
ÅEncodes for dopamine receptor D2

ÅDRD2 is the site of most anti-psychotic drugs

ÅMutations associated with psychosis and 
schizophrenia

ÅAnti-psychotics are antagonists of DRD2 receptor

ÅTHC induces release of dopamine

ÅDopamine hypothesis ςincreased dopamine levels 
associated with psychosis



DRD2 ςCANNABIS AND 
PSYCHOSIS

ÅT allele associated with greater levels of striatal dopamine

Åstriatum is an area of the brain that becomes activated and flooded 
with dopamine when certain stimuli are present.

ÅHigh release of striatal dopamine in schizophrenia

ÅDrugs increasing dopamine release can induce or worsen psychosis.



DRD2 ςCANNABIS AND 
PSYCHOSIS

ÅT allele associated with greater risk of Schizotypyand 
reduced working memory



AKT1 ςCANNABIS AND 
PSYCHOSIS

ÅAKT1 codes for a protein 
that is a serine/threonine 
kinase, which has a variety 
of functions, one of which is 
as a signalling molecule 
downstream of the 
dopamine D2 (DRD2) 
receptor. 

ÅDecreased AKT1 
functionality may result in 
enhanced responses to 
DRD2 receptor stimulation.



AKT1 ςCANNABIS AND 
PSYCHOSIS

ÅC allele associated with 
psychotic symptoms 
following cannabis use

ÅAcute working memory 
impairment

Åacute psychotic response 
to cannabis is thought to 
be a marker of the risk of 
developing psychosis 
from smoking the drug



AKT1 ςCANNABIS AND 
PSYCHOSIS

ÅC allele does not 
mediate psychosis risk 
in absence of cannabis

ÅIn absence of 
cannabis, C allele 
reduces risk of 
psychosis

ÅWith cannabis use, C 
allele ς7 fold higher 
risk of psychosis



SLC64A ςCANNABIS AND 
PSYCHOSIS

ÅSLC64A encodes for serotonin 
transporter
ÅSerotonin transporter gene 

(SLC6A4) has a functional 
ǇƻƭȅƳƻǊǇƘƛǎƳ ƛƴ ǘƘŜ рΩ 
promoter region 
Å¢ƘŜ ǎƘƻǊǘ άǎέ ŀƭƭŜƭŜ ƛǎ ŀǎǎƻŎƛŀǘŜŘ 

with lower transcriptional 
efficiency of the promoter 
ŎƻƳǇŀǊŜŘ ǿƛǘƘ ǘƘŜ ƭƻƴƎ άƭέ ŀƭƭŜƭŜ
ÅThe S allele is associated with 

lower 5-HTT expression and 
function, as well as anxiety and 
negative mood in healthy 
individuals.



SLC64A ςCANNABIS AND 
PSYCHOSIS

ÅRs25531 (A) allele- short 
allele- associated with 
cannabis induced 
psychosis

ÅAssociations with 
depression and 
psychosis



COMT ςCANNABIS AND 
PSYCHOSIS

ÅCOMT gene encodes for the enzyme catechol-O-methyl 
transferase (COMT), which is required for the 
catabolism of essential monoamines

ÅCOMTVal158Met, also known as rs4680 is thought to 
alter synaptic availability of dopamine in the cortex, 
leading to memory and attention impairments and 
altered levels of dopamine signalling in the mesolimbic 
system, thus possibly moderating the risk of developing 
hallucinations and delusions

ÅOptimal dopamine levels are needed to prevent 
psychosis

ÅCOMT Val/Val ςrapid metabolizers of dopamine



COMT ςCANNABIS AND 
PSYCHOSIS

ÅHearing voices and 
seeing things ς
hallucinations

ÅVal carriers of 
COMT have been 
shown to be at an 
increased risk of 
hallucinations with 
cannabis use



COMT ςCANNABIS AND 
SCHIZOPHRENIFORM

ÅSchizophreniform - Symptoms of schizophrenia are 
present for a significant portion of the time within a 
one-month but not for six months required for the 
diagnosis of schizophrenia

ÅPre-schizophrenia 

Ådelusions, hallucinations, disorganized speech, 
disorganized or catatonic behavior, and social 
withdrawal.

Åtwo-thirds of individuals diagnosed with 
schizophreniform disorder go on to develop 
schizophrenia



COMT ςCANNABIS AND 
PSYCHOSIS

ÅVal carriers of 
COMT - increased 
risk of 
schizophrenia

Å15-20% of 
individuals with a 
history of cannabis 
use and Val/Val 
genotype are 
diagnosed with 
schizophreniform 
by age 26



COMT ςCANNABIS AND 
PSYCHOSIS



COX-2 ςCANNABIS AND 
PSYCHOSIS

ÅCyclooxygenase -2 ςdrives 
conversion of arachidonic acid 
to prostaglandins (PGE2)
ÅTHC drives production of COX-2
ÅHighly expressed in 

hippocampal and cortical 
neurons

ÅCOX-2 is involved in hippocampal long-term synaptic 
plasticity

ÅMutations that impact COX-2 expression impact 
predisposition to cannabis driven psychosis



COX-2 ςCNR1 - CANNABIS 
AND PSYCHOSIS

ÅTHC binding to CB1R induces COX-2 production

ÅVariants of CB1R/CNR1 in conjunction with COX-2 
variants are associated with psychosis

ÅCNR1 C carriers/COX-2 C carriers and CNR1 TT/COX-2GG) 
predict lower cortical response (stoned) in response to 
cannabis

ÅImpact is on Dorsolateral prefrontal cortex (DLPFC) ς
impacting synaptic plasticity

ÅAn important function of the DLPFC is the executive 
functions, such as working memory, cognitive flexibility, 
planning, inhibition, and abstract reasoning.



COX-2 ςCANNABIS AND 
PSYCHOSIS

ÅTHC binding to 
CB1R induces COX-
2 production

ÅCOX-2 drives 
glutamate 
production

ÅInhibits synaptic 
plasticity and 
drives THC induced 
cognitive 
impairment



GENETIC PREDISPOSITION ς
WHAT TO DO? ADOLESCENTS:

ÅComplete avoidance of Cannabis

ÅIf using tinctures ςavoidance of THC altogether

ÅCBD if needed

ÅTopicals with low THC high CBD if needed



GENETIC PREDISPOSITION ς
WHAT TO DO? ςADULTS:

ÅBased on your gene results, you could experience excessive 
effects from THC compared to the general population.

ÅAvoid starting with products containing only THC (does not 
contain any CBD) because these products may produce an 
uncomfortable, excessive cerebral high for you.

ÅUsing these products may cause even more anxiety or paranoia 
because of your enhanced sensitivity to high levels of THC. 
Consider starting with CBD only products in general. 

ÅWhen using a flower containing THC, choose one with high CBD 
and minimal levels of THC (less than 2%), or one with a CBD:THC 
ratio of 5:1 or greater (at least five times as much CBD as THC), to 
counteract psychotropic effects of THC.

ÅIn the presence of CBD, THC has been shown to reduce social 
anxiety; however, due to your sensitivity towards THC, you need 
to start with lower amounts of THC and adjust slowly. 



CANNABIS AND HEART ISSUES

ÅAge 20-59 ςCannabis use associated with higher 
incidence of myocardial infarction



CANNABIS AND HEART ISSUES



CANNABIS AND HEART ISSUES

ÅTHC exerts its cardiovascular effects via CB1R 
activation; at low doses it might have beneficial 
properties via partial activation of CB1R and CB2R, and 
unrelated mechanisms

ÅThe composition of marijuana (THCςcannabidiol ratio, 
terpenoids) can influence its therapeutic and 
cardiovascular adverse effects, with marijuana smoke 
being as harmful as tobacco smoke

ÅMost synthetic cannabinoids used for recreational use 
are full agonists of CB1R (THC is a partial agonist) with 
up to several hundred-fold higher potency and efficacy 
than THC, causing more dangerous adverse effects



CANNABIS AND HEART 
ISSUES

ÅIndividuals at increased risk of cardiovascular issues may be more 
prone to THC induced adverse effects

ÅAPOE ςApolipoprotein E gene associated with Coronary Heart Disease



CANNABIS AND HEART ISSUES

ÅIf predisposition identified, it means individual is at 
greater risk of cardiovascular issues

ÅTHC avoidance

ÅFocus on CBD

ÅStrains/Oils/Extracts from low THC containing 
strains



Cannabis and eating 
disorders

ÅReal, life-threatening illnesses with potentially fatal 
consequences.

ÅInvolve extreme emotions, attitudes, and behaviors 
surrounding weight, food, and size.

ÅCaused by a range of biological, psychological, and 
sociocultural factors



Anorexia Nervosa (AN)

ÅCharacterized primarily by self-starvation and excessive 
weight loss

ÅSymptoms include:
ÅInadequate food intake leading to a weight that is clearly too 

low

ÅDisturbance in the experience of body weight or shape

ÅIntense fear of weight gain, obsession with weight, and 
persistent behavior to prevent weight gain

ÅInability to appreciate the severity of the situation



Bulimia Nervosa (BN)

ÅCharacterized by binge eatingand compensatory 
behaviors, such as self-induced vomiting, in an 
attempt to undo the effects of binge eating.

ÅSymptoms include:
ÅFrequent episodes of consuming very large amounts of 

food followed by behaviors to prevent weight gain, such as 
vomiting, laxative abuse, and excessive exercise
ÅFeeling of being out of control during the binge-eating 

episodes
ÅExtreme concern with body weight and shape
ÅMost people are of a normal weight



Health Consequences

ÅCardiovascular (muscle loss, low or irregular heartbeat)
ÅMuscle loss due to calorie restriction

ÅHeart failure ïreduced heart rate, blood pressure, electrolyte 
imbalance

ÅGastrointestinal (bloating, nausea, constipation)
ÅSlow digestion, blood sugar fluctuation, bacterial infections

ÅNeurological (difficulty concentrating, sleep apnea)

ÅEndocrine (hormonal changes ïestrogen, testosterone, 
thyroid)



Serious, Potentially 
Fatal Illnesses

ÅA review of nearly fifty years of research confirms that AN 
has the highest mortality rate of any psychiatric disorder. 

ÅRisk of death from suicide or medical complications is 
markedly increased for individuals with eating disorders. 

ÅA study on BN and EDNOS found elevated mortality risks 
similar to those for AN.

Å4 % mortality for anorexia nervosa, 3.9 % for bulimia 
nervosa and 5.2% for other eating disorders



CANNABIS AND APPETITE

ÅTHC acts as an appetite stimulant

ÅIt may decrease your levels of peptide tyrosine tyrosine(PYY 
ςappetite inhibitor), thus increasing your levels of ghrelin, 
thus increasing your appetite.

ÅIt activates the mTOR (mammalian target of rapamycin) 
pathway, thus increasing your levels of ghrelin, thus 
increasing your appetite.

ÅReduces levels of leptin ςthe satiety hormone

ÅIt activates a subset of neurons called proopiomelanocortin 
neurons (POMCs). These neurons can suppress hunger 
(primary pathway) and/or increase appetite (secondary 
pathway), to various degrees. Recent research on CB1 has 
revealed that dronabinol, a synthetic form of THC, can 
stimulate the secondary pathway without stimulating the 
primary one.



CANNABIS AND APPETITE ς
CANCER

ÅMedia claims efficacy of cannabis for inducing appetite 
in cancer patients
ÅNo clinical trials investigating the plant as a treatment 

for cancer-related anorexiaςcachexia syndrome have 
been conducted to date. 
ÅRandomized placebo-controlled clinical trial evaluating 

a cannabis extract and dronabinol (THC isomer) in 243 
patients with cancer-related anorexiaςcachexia 
syndrome found that neither preparation was superior 
to placebo with respect to affecting appetite or quality 
of life
Åcombining dronabinol with megestrol (progesterone) 

offered no additional benefit compared with megestrol 
alone in inducing appetite in advanced cancer patients



CANNABIS AND APPETITE ςHIV
ÅDepression, fatigue and inflammation exacerbates loss 

of appetite in HIV patients
ÅStandard therapy for AIDS wasting focuses on 

stimulating the patient's appetite, usually with the drug 
megestrol acetate (Megace). 
ÅTHC is the only cannabinoid that has been evaluated in 

the clinic for its ability to stimulate appetite and 
thereby counteract AIDS wasting. In short-term (six 
weeks) and long-term (one year) studies, patients who 
received THC in the form of Marinol tended to 
experience increased appetite while maintaining a 
stable weight
ÅUnfortunately, there have been no controlled studies to 

date on the benefits of marijuana smoking on appetite, 
weight gain, or body composition among people with 
HIV. 



CANNABIS AND EATING 
DISORDERS

ÅTHC shown to improve psychiatric features in 
anorexia patients

ÅTherapeutic potential of cannabis in anorexia 
patients not established yet by clinical trials

ÅIn spite of cannabis being known to induce 
munchies, limited evidence to indicate efficacy of 
cannabis in boosting appetite in patients with 
anorexia



GPR55 AND ANOREXIA NERVOSA

ÅG protein coupled receptor 55

ÅCannabinoid receptor distinct from CB1 and CB2 ς
CB3?

Åexpressed in large dorsal root ganglion neurons

ÅDtwрр ƛǎ ŀŎǘƛǾŀǘŜŘ ōȅ ǘƘŜ Ǉƭŀƴǘ ŎŀƴƴŀōƛƴƻƛŘǎ ɲф-
THC and the endocannabinoids anandamide, 2-AG, 
noladin(2-AGE)

ÅBinding of THC to GPR55 drives Ca levels ςdistinct 
pathways than CB1 and CB2 signaling



GPR55 AND ANOREXIA NERVOSA

ÅVal allele of GPR55 ς
reduced activity

ÅVal allele associated with 
Anorexia Nervosa


